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We consider examples of D — 4 string theory vacua which, although globally non-geometric, admit 
a local description in terms of D = 10 supergravity backgrounds. We analyze such backgrounds and 
find that the supersymmetry spinors vary non-trivially along the internal manifold, reproducing the 
interpolating supergravity solutions found by Frey and Grana. Finally, we propose a simple, local 
expression for non-geometric fluxes in terms of the internal spinors of the compactification. 
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PACS numbers: 11.25.Mj,04.65.+e 

Undoubtedly, fluxes have played a major role in recent 
attempts to connect string theory to observable physics. 
Why is this the case may be understood from two simple 
facts. First, string compactifications with background 
fluxes enlarge non-trivially the set of D — 4 string vacua 
based on conventional Calabi-Yau compactifications, and 
so the set of effective field theories that one can obtain. 
Second, flux compactifications are rich sources of D = 4 
effective superpotentials, allowing to address two impor- 
tant issues of string phenomenology, moduli stabilization 
and supersymmetry breaking, in a controlled manner 1] . 

A celebrated class of flux vacua is given by type IIB 
string theory compactified on a warped Calabi-Yau with 
orientifold planes [2, 3]. Indeed, such constructions ad- 
mit the inclusion of internal background 3-form fluxes, 
usually denoted by H 3 and F 3 , which back-react on the 
Calabi-Yau geometry and produce an effective superpo- 
tential that lifts certain compactification moduli |4|. In 
many senses, one can treat the resulting D = 4 effective 
theory as that obtained from the well-understood flux- 
less Calabi-Yau compactification, to which we add a flux- 
induced superpotential and a non-trivial warping. This 
provides a simple global picture of this class of compacti- 
fications, which even allows to treat them as an ensemble 
as opposed to consider each vacuum individually [5| . Fi- 
nally, a nice feature of this set of D = 4 vacua is that 
in general they can be understood in terms of D = 10 
supergravity. The geometric intuition that one obtains 
from this fact has triggered several phenomenologically 
interesting scenarios, in particular some related to early 
universe cosmology [6j. 

While warped CY's have received a lot of attention, 
they are not the only class of flux compactifications in 
the literature, even if we restrict to type IIB Af = 1 
D = 4 Poincarc invariant vacua. Another well-known 
family is based on compact non-Kahler manifolds, also 
containing O-plancs, and dual to the solutions found in 
the context of heterotic strings 0] • Here the set of fluxes 
not only consists of field strengths like Fs, but also of 
torsion factors that deviate the metric from the Calabi- 
Yau one, and so they are usually referred to as geometric 
fluxes [EH- 



While geometric fluxes are less intuitive than the usual 
ones, an even more exotic kind of fluxes are those named 
non-geometric fluxes, which arise in the context of non- 
geometric compactifications [13, El 0, E, 0. such 

compactifications are possible because, as string theory 
has a larger duality group than plain supergravity, it can 
be compactified in spaces where (classical) gravity would 
not even make sense. Perhaps the best understood class 
of non-geometric vacua are those based on T-folds 11 1, 
where locally there is a standard spacetime description 
of the compactification but, as we relate two overlapping 
patches, we must use transition functions that mix the 
metric with the antisymmetric B-field and interchange 
KK with winding modes, just as T-dualities do. 

Clearly, non-geometric compactifications are a novel 
and exciting area where to develop string phenomenology, 
as they are genuine string compactifications that can- 
not be described as D = 10 supergravity plus localized 
sources. Moreover, as non-geometric fluxes are combined 
with the previous fluxes, the effective superpotential that 
one obtains generalizes that of a Calabi-Yau with fluxes 
[l2T ] , in such a way that compactifications with all moduli 
stabilized are easily obtained [lj|. 

On the other hand, our current understanding of non- 
geometric compactifications is still too weak in order 
to perform a detailed analysis of their phenomenologi- 
cal possibilities. Part of the problem is that, unlike for 
other fluxes, there is no simple, intuitive definition of 
what non-geometric fluxes mean. In practice, they ap- 
pear as the structure constants of D — 4 effective gauged 
supergravities, or as internal monodromies between the 
metric and B-field 0, [HI, EH- In fact, very few exam- 
ples of non-geometric compactifications have been built 
beyond Scherk-Schwarz compactifications and close rela- 
tives and, because of the issues above, it is hard to figure 
out how the space of non-geometric vacua looks like. 

The purpose of this note is to shed further light into 
our understanding of non-geometric fluxes by describ- 
ing them in terms of supergravity backgrounds. More 
precisely, we focus on some simple examples of T-folds, 
where a local D = 10 description is possible, and study 
in detail the supergravity solutions associated to them. 
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This will not only provide us with a simple definition of 
non-geometric flux, but also unveil many local properties 
of this kind of backgrounds. Notice that the latter point 
is essential in order to build realistic scenarios from non- 
geometric compactifications. Indeed, most of the cosmo- 
logical models constructed from warped CY's with fluxes 
are based on D-brane inflation, where only a local de- 
scription of the supergravity background (like, e.g., the 
KS throat [lij]) is needed. Hence, based on the results 
below, similar scenarios could presumably be constructed 
for non-geometric vacua. 

In order to perform our analysis, let us first construct 
a non-geometric vacuum. As pointed out in Q this can 
be done by performing appropriate T-dualities on sim- 
ple geometric flux compactifications. In particular, let 
us consider type IIB string theory compactified on the 
warped toroidal background [33| 



ds 2 = 



Z- 1/2 ds 2 Mi 



Z 1 ' 2 ds 2 T6 



(1) 



ds^Q — y ds (t 2 ) ■ 



R 2 \dx l 



H 3 
F, 



N (dx 1 A dx 5 - dx 4 A dx 2 ) 
N(dx 4 Adx 2 -dx 1 Adx 5 ) 
(1 +*io) dvol M4 A dh 
C + ieT 4 ' = const. 



Adx 6 
A dx 3 



[ dx' +3 \ 2 (2) 



(3) 
(4) 
(5) 
(0) 



which is closely related to the vacua considered in [9(, 
and a simple example of a warped Calabi-Yau with H 3 
and F 3 fluxes of [ijjj. Here ds 2 Mi stands for the D = 4 
Minkowski metric, r for the type IIB axio-dilaton, the 
warp factor Z only depends on the internal coordinates 
x % ~ x l + 1, N is an even integer [13], and we must im- 
pose dh = e~^°dZ~ 1 Q. In order to find a solution to 
the Bianchi identity of F§ and Einstein's equations we 
need to add negative tension objects to the compactifica- 
tion Q , which in our case will be 64 03-planes expanding 
M4. Finally, by adding 32 — 2N 2 D3-branes and no fur- 
ther localized objects all consistency conditions will be 
satisfied. 

The presence of the background fluxes H 3 and F 3 gen- 
erates a superpotential 0] 



W 



rp6 



(F 3 - tH 3 ) A il 3 = N (r 1 - r 2 )(r 3 - r) (7) 



and so we also need to impose r 1 = t 2 and r 3 = r. This 
will guarantee that the complexified 3-form flux G 3 = 
F 3 — tH 3 is an imaginary-self-dual (ISD), primitive (2,1)- 
form, and so we will have a supersymmetric vacuum [18| . 
In fact, due to the simplicity of our example, the present 
compactification yields a D = 4 JV = 2 effective theory. 
The supersymmetry generators are of the form 



V2 
1 

71 



{u ® XR + u * ® X*r) 



(8) 
(9) 



where u stands for the external and x f° r the internal 
spacetime spinor, the latter chosen of negative chirality. 
While the above ansatz is valid for general supersymmet- 
ric type IIB compactifications, here the presence of the 
flux G 3 and the 03-planes imposes the following relation 



e L = r G3 e R = -»rw 



(10) 



between left (cl) and right (er) spinors. Here stands 
for the internal chirality operator, and so we have that 



XL = iXR 



(l + ICR 



V2 



U®XL 



(11) 



which is the usual B-type ansatz for warped Calabi- 
Yau compactifications with fluxes [l{|. In the present 
background, the internal spinors are of the form XR,i = 
Z~ l / S r)i, where 



m 



m = -(- 



(12) 



in the usual spinor notation. 

As pointed out in 9], by performing two consecutive 
T-dualities along two directions of a H 3 component one 
obtains a non-geometric compactification. In particu- 
lar, following the notation of [l2|, after two T-dualities 
along {x 5 ,^ 1 } the flux H 3 = dB partially becomes a 
non-geometric Q-flux via 



N 



Q'< 



N 



(13) 



whereas the other component of H 3 remains untouched. 

In order to obtain the new background one can apply 
Buscher's T-duality rules [2(|, but first one needs have 
the directions {a; 5 , a: 1 } as isometries of the background. 
This is achieved by choosing an appropriate gauge for 
the B-field, like B = Nx & (dx l A dx 5 - dx 4 Adx 2 ), and by 
smoothing out the localized sources (i.e., the D3-branes 
and 03-planes) along {a; 5 ,^; 1 }. This means in partic- 
ular that the warp factor Z will be given by a func- 
tion A = A(x 2 , x 3 , x 4 , x e ), which by Einstein's equations 
must satisfy 



-00 



V 2 ^ A 



2N 2 



Vol 



nn4 



+ 22q i 6 T *(2i) (14) 



where T 4 stands for the four-torus expanded by 
{x 2 , x 4 , x 3 , x 6 } and the delta functions represent the 
sources localized in the same T 4 , with a charge q = 1 
in the case of a D3-brane and q — — 2 for a (partially 
delocalized) 03-plane. Notice that on T 4 the 03-planes 
are at the fixed locations x % € Z/2 (i — 2, 3, 4, 6), and in 
the following we will focus our attention to the neighbor- 
hood containing the one at the origin. Finally, in order 
to simplify the discussion below, we will choose the com- 
pactification moduli to be Ri = R2 = 1 and r 1 = r 2 = i, 
although more general choices consistent with the super- 
symmetry condition t 1 = r 2 may also be chosen. 
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Taken into account these prescriptions and directly ap- 
plying Buscher's rules along {a; 5 , a; 1 } one again obtains 
type IIB string theory, but this time on the background 



and so the r.h.s. of ([23)1 is closed. This implies that 



ds 2 = A- 1 / 2 ^ 



A 1/2 J„2 
a as M e 



d<? 
as M 6 



B 
Fx 
F 3 

Fr-, 
?4>-4>o 



(15) 
(16) 



(dx 2 ) 2 + (dx 4 ) 2 + dz 3 dz 3 

+ e 2(0-0o) ((^1)2 + ^5^ 

Nx 6 (dx 2 A dx 4 + e^-^dx 5 A dx 1 ) (17) 
NRedz 3 (18) 
Fx A B + e 2 ^ * Me de- 2 * A dx 5 A dx\l9) 
(1 + *iq) dvol Mi A d(Nx 6 /A)e~ 4 ' (20) 



= (A + (Nx 6 ) 2 ) 



(21) 



where for simplicity we have defined dz 3 — dx 3 + rdx 6 , 
with t given by ©. When compactifying this theory, 
one should perform the identifications x 3 ~ x 3 + 1 and 
x ~ x + 1. However, for reasons that will become clear 
below, we will initially not impose such identifications. 
On the other hand, we will still impose x % ~ x l + 1 for 
i = 1,2,4,5. The background fluxes F 3 = F 3 - C Q H 3 , 
Fx = dCo stand for the generalized field strength of type 
IIB supergravity. Notice that neither the axion Co nor 
the dilaton are constant in this new background. 
Nevertheless, as usual one can still define an average 
string coupling by setting g s = e^°, with given by 
([5]), that can be taken to arbitrary small values. 

Just as the above background has been T-dualized we 
must also transform the localized sources, namely the 
orientifold planes and the open string sector of the theory. 
By the usual T-duality rules we would now expect to 
have 05-planes and D5-branes wrapped on the two-torus 
expanded by {a; 5 ,^ 1 }. This intuition is confirmed by 
looking at the Bianchi identities of the new background. 
While dFx = dH 3 = are clearly satisfied, for F 3 we have 
that El 



9s -v^e-W-^ dvol Ti 



dF 3 -H 3 AFx = fl^V 2 

= - V qiS T i(xi) dvol Ti (22) 



where we have used (fT9|) and (jT4j) , and we are defining 
<ivol X 4 = i?|lm r dx 2 A dx 4 A dx 3 A dx G . Hence we have a 
set of localized sources to which the RR field strength F 3 
couples. As we expected, these are D5-branes and 05- 
planes, expanding M4 x T 2 x5 xl s and being pointlike in 

{x 2 ,x 4 ,x 3 ,x 6 }. In particular, there will be an 05-plane 
at the origin x 2 = x 3 = x 4 = x 6 = and, if we treat such 
coordinates as non-compact, one at each location given 
by x l € Z/2 (i = 2, 3, 4, 6), as we would also expect from 
T-duality. The remaining Bianchi identity can be easily 
computed if we realize that the internal component of F. 5 
satisfies 



F 5 -BAF 3 + ^B 2 AFx 



W-MN* M6 Imdz 3 (23) 



dF 5 - H 3 A F 3 = B A dF 3 - H 3 A Fx 



(24) 



and so, by (|22|) . we again have sum of delta functions. 
The presence of the -B-field is easy to understand from 
the fact that the l.h.s. of (|24|) measures the D3-brane 
charge of localized sources, and this same charge is in- 
duced on D5-branes in the presence of a non-trivial B- 
field 2l|. Hence the r.h.s. of (|24[) takes into account 



that we are in the presence of D5-branes magnetized by 
a non-trivial B-field. What is perhaps more surprising 
is the fact that the 05-planes which are not located at 
x 6 = also seem to be 'magnetized'. In that case we 
should be dealing with exotic orientifold planes, analo- 
gous to the ones analyzed in [23|. Finally, in the same 
way that we have solved the Bianchi identities, one can 
check that the equations of motion for the metric, axio- 
dilaton and background fluxes are satisfied. As a result, 
even if one is skeptical about applying Buscher's on the 
initial type IIB background, it is clear that eqs. (fT5|) - ((2l"j) 
describe a genuine type IIB supergravity vacuum. 

Notice that in this new background the warp factor Z' 
and the 4-form potential C4 = h'dvolM 4 are given by 



Z' 



ti = Nx 6 e-' p0 A- 



(25) 



and so the usual relation d(h — e^^Z^ 1 ) = of type IIB 
compactifications with ISD G 3 fluxes, D3-branes and 03- 
planes is no longer satisfied. Such relation is only satisfied 
in the limit x 6 — > 00, where the _B-field is so strong and 
the two-torus {x 5 , x 1 } so small that a D5-brane wrapped 
on it looks like a D3-brane. On the other hand, on the 
limit x 6 — > —00 we recover the relation d(h + e^^Z^ 1 ) = 
0, satisfied by type IIB backgrounds with IASD G 3 fluxes, 
anti-D3-branes and anti-03-planes. Finally, at x e = we 
have that h = and Z = e - 2 ^~M i which is typical of 
type IIB flux compactifications containing 05-planes and 
geometric fluxes. 

It thus seems that, as we move along x 6 , our type 
IIB background interpolates between different classes of 
type IIB compactifications. We can parameterize such 
interpolation by defining an angle a as 



sma 



^l/2 e 0-0o 



cos a 



(26) 



and analyzing how does the background depend on it. A 
non-trivial dependence will appear on the forms J and f2 
describing the metric, which can be taken to be 

j c>2 

— — = e^-^dx 5 Adx 1 +dx 2 A dx 4 + i^-dz 3 Adz 3 
A 1 / 2 2 







A 3 / 4 



ie 4 '- 4 ' R 3 {dx 1 + idx 5 ) A (dx 4 + idx 2 ) A dz 3 



which naturally define a complex and a symplectic struc- 
ture. In terms of these definitions, one can check that 
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the ISD, (2,l)-form in this background is 

G 3 = Fz-ie-'t'Re (e M H 3 - iA 1 / 2 ^" 1 / 2 J) ) (27) 
which, at specific values of a takes a more familiar form 

a -» =► £ 3 = ^3 - ie"*^ = G 3 (28) 
a = tt/2 G 3 = F 3 ~ ie-^d^J) (29) 
a 7T =► £ 3 = #3 + i e -*ff 3 = G 3 (30) 

Finally, a D5-brane wrapped on {a; 5 , x 1 } satisfies the con- 
ditions 



L X n\ D5 = Im (e- m (B + U)) \ m = 



(31) 



which are the usual BPS conditions for a D5-brane in 
a Calabi-Yau compactification [23j . notice however that 
in the Calabi-Yau case a is a constant parameter, while 
here it varies along the compactification manifold. 

But the easiest way to see that this supergravity back- 
ground interpolates between different classes of standard 
type IIB compactifications is by analyzing the supersym- 
metry spinors. These spinors can also be obtained by 
T-duality, by applying the rules of 24]. One then ob- 
tains that the new spinors no longer satisfy the relation 
(fTT|) but instead 



e' L = (cosar 03 +sinar 05 ) e' R 



(32) 



where T05 is the chirality operator on the coordinates 
{x 2 , x 4 , x 3 , x 6 } transverse to M4 x ^ , as well as the 
orientifold projection that an 05-plane wrapping M4 x 
{a; 5 , x 1 } would implement in standard compactifications. 

Now, since our initial background contained two inde- 
pendent spinors so will the new one. In order to see how 
the D = 10 spinors © and © now look like, let us con- 
sider a particular linear combination of them. Namely, 
we choose 



XR 



,±=A" 1 /V, V± = ^(m±V2) (33) 



then, taking into account that 



To3?7± = ir)± r 03?7± = -iv± (34) 
To5?7± = ±V± F 5V± = ±7 7± (35) 

we obtain the following D — 10 spinors 

£R,± = (u®XR,± +u* ®X*r,±) (36) 

e L ,± = -j= (i e ±M u ® XR,± - i e Tia u* ® X r,±) (37) 

precisely matching the spinor ansatz considered in [25| . 
where type IIB supergravity solutions interpolating be- 
tween standard compactification ansatze were shown to 
be possible. 



In particular, the interpolating solutions analyzed in 
[25l | connected backgrounds where D3-branes are BPS ob- 
jects to those where D5-branes are BPS. We see that, if 
we extend our supergravity solution along x 6 <= (—00, 00) 
the same situation will happen, with the difference that 
now anti-D3-branes will also be included. So, just as 
expected, our supergravity background is such that for 
x 6 — ► —00 anti-D3-branes are BPS, for x 6 — D5-branes 
are BPS and for x 6 — > 00 D3-branes are BPS. At inter- 
mediate points of x 6 the supersymmetry preserved by the 
background is that of a magnetized D5-brane. 

This description fits exactly with the D5-brane BPS 
conditions found in (|3ip . which can be derived as follows. 
First, one follows the computations of 25] in order to see 
that ([37]) and ([36]) are indeed supersymmetry generators 
of the new background. Second, one chooses one of the 
two spinors, say 77+, and constructs the spinor bilinears 



TnnV-\-i ^mnp — ^mnpV-\- (38) 

familiar from S'C/(3)-structure compactifications [H, and 
obtains the same forms J and O as above. Finally, by 
repeating the K-symmetry computations of [23| one ar- 
rives at (|3ip . Had we chosen the internal spinor r\- , we 
would have obtained a different two-form J, but never- 
theless the same final condition for a D5-brane wrapped 
on {x^^x 1 }. Alternatively, the same conclusion can be 
reached by using the results in [irjj ]. 

To sum up, we have analyzed the type IIB supergravity 
backgrounds associated to a simple set of non-geometric 
backgrounds, and found that they correspond to solu- 
tions that interpolate between standard type IIB com- 
pactifications. This interpolation is particularly mani- 
fest in the internal part of the space-time supersymme- 
try generators, which fit into the ansatz used in [251 ]. Al- 
though our background is particularly simple and yields 
D — 4 extended supersymmetry, we do not expect this 
to be the general case. In fact, by analyzing other simple 
non-geometric backgrounds we find that the ansatz (|36p 
and (|3"7| is not always realized, but rather more general 
interpolating ansatze like that used in 27J and gener- 
alizations. What does remain valid is the relation ([32)) 
between left and right-handed spinors, in the sense that 
we have a rotation between two usual orientifold projec- 
tions Top and To q with a rotation parameter a varying 
along the internal manifold. This should not only be 
true for toroidal-like non-geometric vacua, but also for 
more general ones that can be obtained from fiberwise 
T-duality on a geometric flux background. It would be 
interesting to verify this by generalizing the computa- 
tions performed in [28[ . Remarkably, the rotation ansatz 
(f32|) is compatible with the presence of orientifold planes, 
as our example explicitly shows. Indeed, by construction 
we know that there is an 05-plane located at a; 6 = 0. 
At this point a — ir/2 and so (|32|) reduces to the usual 
05-plane projection (in flat space), but notice that this 
is no longer true as soon as i 6 7^ 0. 
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When describing this background as a non-geometric 
compactification, one considers {x 6 } to expand [1] 

a four-torus T 4 , over which the T 2 expanded by {x 5 , x 1 } 
is fibered. As we perform the identification x e ~ x e + 1, 



"(a 



t will suffer a non-geometric monodromy (namely 
a T-duality transformation) that signals the presence of 
the non-geometric Q-flux ([13]) . Notice that this is a global 
definition, and that there is no obvious local definition of 
a Q-flux, like the one for a 3-form flux H 3 via H 3 = dB. 
However, our background example above suggests how 
such definition could be. Consider the quantity 



da 



'xW ct QpXl 



XlXl 



(39) 



defined in a local, geometric neighborhood containing an 
Op-plane, where 7 bc is the antisymmetrized product of 
two 7-matrices. The usual Q-flux is then obtained by 
integrating ([39]) over a one-cycle 7 a : 



Qa 



be 



(40) 



(see [29j for alternative, possibly related definitions). It is 
easy to see that, by plugging ([26]) and ([32]) in the above 
expressions and setting p = 5 one recovers the Q-flux 
component (fl~3|) present in our background. 

It would be interesting to compute ([39]) and (|40[) for 
more involved non-geometric compactifications, as well 
as t o ge neralize the notion of Q-charge, along the lines of 
I^SIEII. In any case, it should be clear what the intu- 
ition behind the above definitions is. The local quantity 
([39]) measures how the relative rotation generated by j bc 
between left and right spinors varies along the internal 
manifold. Hence it will always vanish for the standard, 
geometric ansatze On the other hand, if ([40]) does 

not vanish for some closed path j a , then there is a spin 
monodromy that acts differently for the internal spinors 
Xl and xr- This could not possibly be for a geometric 
compactification, since in that case both xl and xr are 
the same kind of objects, i.e., sections of the same spin 
bundle, and should transform in the same way when go- 
ing around j a . Thus, ([39]) and ([40]) provide a suitable 
way to measure global non-geometrical aspects of string 
compactifications. The hope is that, with these defini- 
tions at hand, one can better understand what the space 
of non-geometric vacua is. 



Acknowledgements 

We wish to thank A. Font, M. Grana, L. E. Ibahez 
and P. Koerber for useful discussions. The work of F.M. 
is supported by the European Network "Constituents, 
Fundamental Forces and Symmetries of the Universe", 
under the contract MRTN-CT-2004-005104. W.S. would 
like to thank the University of Munich for hospitality. 



[2 

[3 

[4 

[5 
[6 

[-: 

[8 

[9 
[10 



[11 
[12 

[is; 

[14 

[15, 



[16 

[i7; 
[is; 

[19 
[20 
[21 
[22 

[23 

[24 

[25 

[26 
[27 
[28 

[29 

[30 
[31 
[32 
[33 
[34 



For reviews see, e.g., M. Grana, Phys. Rept. 423, 91 
(2006). M. R. Douglas and S. Kachru, [hep-th/0610102] 
R. Blumenhagen, B. Kors, D. Lust and S. Stieberger, 
|hep-th/0610"327] 

K. Dasgupta, G. Rajesh and S. Sethi, JHEP 9908, 023 

(1999) . 

S. B. Giddings, S. Kachru and J. Polchinski, Phys. Rev. 
D 66, 106006 (2002). 

S. Gukov, C. Vafa and E. Witten, Nucl. Phys. B 584, 69 

(2000) [Erratum- ibid. B 608, 477 (2001)]. 



F. Denef, M. R. Douglas and S. Kachru, hep-th/0701050 
For recent reviews see C. P. Burgess, hep-th/0606020 
S. H. Henry Tye, |hep-th /0610221 J. M. Cline, 
|hep-th/0612T29] R. Kallosh, |hep-th/07 02059] 

C. M. Hull, Print-86-0251-CAMBRIDGE. A. Strominger, 
Nucl. Phys. B 274, 253 (1986). 

S. Gurrieri, J. Louis, A. Micu and D. Waldram, Nucl. 
Phys. B 654, 61 (2003). 

S. Kachru, M. B. Schulz, P. K. Tripathy and S. P. Trivedi, 
JHEP 0303, 061 (2003). 

A. Dabholkar and C. Hull, JHEP 0309, 054 (2003). 
S. Hellerman, J. McGreevy and B. Williams, JHEP 
0401, 024 (2004). A. Flournoy, B. Wecht and 

B. Williams, Nucl. Phys. B 706, 127 (2005). 

C. M. Hull, JHEP 0510, 065 (2005). 

J. Shelton, W. Taylor and B. Wecht, JHEP 0510, 085 
(2005). 

A. Dabholkar and C. Hull, JHEP 0605, 009 (2006). 

G. Aldazabal, P. G. Camara, A. Font and L. E. Ibanez, 
JHEP 0605, 070 (2006). 

J. Shelton, W. Taylor and B. Wecht, JHEP 0702, 095 
(2007). A. Micu, E. Palti and G. Tasinato, JHEP 0703, 
104 (2007). 

I. R. Klebanov and M. J. Strassler, JHEP 0008, 052 
(2000). 

A. R. Frey and J. Polchinski, Phys. Rev. D 65, 126009 

(2002) . 

M. Grana and J. Polchinski, Phys. Rev. D 63, 026001 
(2000). 

K. Becker and M. Becker, Nucl. Phys. B 477, 155 (1996). 
T. H. Buscher, Phys. Lett. B 19 4, 59 (1987). 
M. R. Douglas, |hep-th/95 12077] 

C. Angelantonj, E. Dudas and J. Mourad, Nucl. Phys. B 
637, 59 (2002). 

M. Marino, R. Minasian, G. W. Moore and A. Stro- 
minger, JHEP 0001, 005 (2000). 

S. F. Hassan, Nucl . Phys. B 568, 145 (2000) 
[arXiv:hep-th/9907152| . 

A. R. Frey and M. Grana, Phys. Rev. D 68, 106002 

(2003) . 

L. Martucci and P. Smyth, JHEP 0511, 048 (2005). 
G. Dall'Agata, Nucl. Phys. B 695, 243 (2004). 
S. Fidanza, R. Minasian and A. Tomasiello, Commun. 
Math. Phys. 254, 401 (2005). 

I. Benmachiche and T. W . Grimm, Nucl. Phys. B 748, 

200 (2006). I. T. Ellwood, [hep-th/0612100] 

J. Gray and E. J. Hackett- Jones, JHE P 0605, 071 (2006). 

M. Grana, J. Louis and D. Waldram, hep-th/0612237. 

R. D'Auria, S. Ferrara and M. Trigiante, hep-th/0701247 

We are using the convention An 2 a = 1. 

Following the Hodge star conventions in [3|, for a p-form 

a on a manifold M we have that oA*mc = —a-ot dvohvi • 



